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Abstract

BACKGROUND CONTEXT: Preliminary evidence has suggested favorable correlation between
National Institutes of Health (NIH) Patient-Reported Outcomes Measurement Information System
(PROMIS) assessments and traditional (“legacy”) patient reported outcome measures (PROMs) in spine
surgery. There has been a significant increase in PROMIS research with regards to spinal conditions.
PURPOSE: The purpose of this systematic review is to provide an assessment of PROMIS Physical Function (PF) measures in this patient population.
STUDY DESIGN/SETTING: Systematic review.
METHODS: A systematic search of the PubMed/MEDLINE and Embase databases was performed
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to identify published articles that referenced the various PROMIS PF measures. Two authors
independently reviewed selected studies. The search returned 1,060 studies, 124 of which were selected
for independent review by two authors. Of these, 37 were selected for inclusion. Mixed linear models
were performed to assess for differences between legacy PROMs and PROMIS measures.
RESULTS: The combined sample size of all included studies yielded 10,296 total patients. Overall,
PROMIS Physical Function (PF) measures demonstrated strong correlations with legacy PROMs when
evaluating spine patients (weighted Pearson correlation, 0.589, standard error [SE]=0.023; weighted
Spearman correlation, 0.702, SE=0.028). PROMIS questionnaires had significantly fewer questions than
did legacy PROMs (4.2§0.30 vs. 9.53§0.82, p=.015). In spine studies, the PROMIS PF forms were completed in significantly less time than legacy PROMs (48.1§2.9 vs. 174.7§12.6 seconds, p<.001). The
differences for the reliability measures and the floor and ceiling effects were not significant.
CONCLUSIONS: Patient-Reported Outcomes Measurement Information System PF forms compare favorably with legacy PROMs with regard to correlations, ease of use, and quality criteria in
the field of spine surgery. PROMIS PF scores correlate strongly with commonly used legacy
PROMs, particularly in spine patients. Patient-Reported Outcomes Measurement Information System PF forms can be administered efficiently and to a broad patient population while remaining
highly reliable. © 2021 Elsevier Inc. All rights reserved.
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Introduction

Methods

Patient-reported outcome measures (PROMs) are used in
spine surgery to assess clinical outcomes from the patient’s
perspective. There are many different validated PROMs
reported in the literature. Collectively, these PROMs are
referred to as legacy measures. Within spine research, legacy PROMs have proven to be useful in measuring different
outcome variables, most notably the physical function of
surgical patients [1,2]. However, many legacy PROMs are
only validated for particular diagnoses or specific patient
populations. Furthermore, there are several different legacy
PROMs used to assess the same anatomic location, which
limits the ability to compare and analyze studies that report
PROMs [3−5]. These questionnaires can contain several
questions, leading to survey fatigue in patients as well and,
subsequently, low completion rates [6]. Finally, as many of
these PROMs are diagnosis-specific, they must be manually
assigned to patients upon determination of a diagnosis.
Therefore, they do not lend well to automation on a population health perspective.
Due to these challenges with legacy PROMs, there has
been increased interest in National Institutes of Health (NIH)
Patient-Reported Outcomes Measurement Information System (PROMIS) assessment instruments. These questionnaires are domain-specific instead of disease-specific. For
example, PROMIS Physical Function measures assess general physical function regardless of diagnosis, whereas legacy PROMs often focus on particular patient cohorts. With
regards to physical function (PF), the PROMIS PF measures
a patient’s self-reported capability and reports a quantitative
score, with 50 correlating to that of the reference population,
and 10 points representing one standard deviation. PatientReported Outcomes Measurement Information System PF
can be administered as a short-form (SF) or as a computer
adaptive test (CAT). Computer adaptive testing uses item
response theory to customize question delivery based on
real-time patient answers, allowing for a higher level of precision while using fewer questions [7].
This is the first systematic review to thoroughly compare
PROMIS PF with legacy PROMs in the field of spine surgery. There are a number of studies in recent literature comparing specific legacy measures with PROMIS PF forms,
particularly in spine conditions. In this systematic review,
we aim to expand on answers to the following questions:
How well do PROMIS PF forms correlate with legacy
PROMs in spine patients? Which PROM can be administered more efficiently? How do the floor and ceiling effects
compare? Is PROMIS PF as reliable, if not more reliable,
as legacy PROMs?
Therefore, the purpose of this systematic review is to
compare PROMIS PF with legacy PROMs with regard to
correlations, ease of use, and quality criteria for spine conditions. We hypothesized that PROMIS PF would correlate
strongly with legacy PROMs and remain highly reliable
while having less question response burden.

One of the authors performed a systematic electronic
search under the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines using
PubMed (MEDLINE) and Embase. The search was conducted on June 22, 2021. The following search terms were
used in the title, abstract, and keyword fields: (“PatientReported Outcomes Measurement Information System” OR
“PROMIS”) AND (“physical function” OR “pf”) AND
(“spine”). The additional criterion of “physical function”
was added because the PROMIS PF domain is the most
thoroughly studied health domain in patients with musculoskeletal disorders [7]. Inclusion criteria were any spinerelated article published in or before June 2021. We
excluded nonspine articles, non-English articles, unpublished studies, studies with Level V evidence, letters to the
editor, editorials, basic science articles, and conference proceeding abstracts. Non-English studies were excluded in
order to avoid inconsistencies that may have been reported
during the process of translating English PROMs used in
non-English populations.
The search identified 1,060 potentially eligible studies.
One author applied the inclusion and exclusion criteria to
the studies. Subsequently, two independent authors duplicated and validated the initial screenings. After review of
the title, abstract, and full text, 124 were marked for inclusion. Of the 124 marked studies, 87 articles were excluded
during data extraction based on the lack of appropriate
metrics compared in this study. Fig. 1 shows the algorithm
used. Two authors sorted the studies based on the abstracts
from the electronic search. The papers were categorized as
spine related studies based the title and abstract. The full
text of 37 spine articles were included in the final analysis.
The authors were not blinded to the authors of the study,
title, and journal of publication. Consensus regarding study
inclusion was reached between the authors and the principal investigator. The data were extracted from the included
papers by two authors using a database created in Microsoft Excel (Microsoft, Seattle, WA, USA). The database
was validated by two authors and again by the first author
before analysis. We assessed the quality of PROMs based
on criterion of validity, reliability, and ability to detect
change [8], defined as the ability for a PROM to evaluate
and trend a patient’s condition over time. The validity (eg,
construct validity) of a questionnaire is determined
through comparison with other established PROMs by correlation analysis [9]. Pearson and Spearman coefficients
were the measures of correlation assessed in this study.
Pearson correlations are more commonly used when both
variables being assessed are normally distributed, while
Spearman correlation is more commonly used when at
least 1 variable is skewed or continuous. A generally
accepted consensus for strength of correlation is stratified
as r=0.4 to 0.59 for moderate, r=0.6 to 0.79 as strong, and
r=0.8 to 1.0 as very strong [10].
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram.

Reliability data was extracted and measured by several
different parameters. Cronbach’s reliability measures internal consistency, where high Cronbach’s alpha scores reflect
higher levels of precision, but also redundancy within test
items. Person reliability is a measure used in Rasch analysis, which determines whether a person’s response to an
item reflects a response the model would have predicted for
that person [11]. Item reliability reflects how much the
PROM question contributes to the total score variance,
where higher values represent better reliability.
Floor and ceiling effects were another quality criterion
for PROMs compared and assessed in this study. Minimal
floor and ceiling effects (generally <15%) imply high levels
of content validity, responsiveness, and applicability [9].
Therefore, a PROM with low floor and ceiling effects is
useful in identifying differences in patients within the low
and high score ranges [12].
Overall, the data extracted from the selected studies were
author, year, title, journal, study design, PubMed ID, country, number of patients, and demographics of study participants including age, sex, level of education, study start

date, end date, multicenter versus single center, studies
compared, number of questions per study, floor and ceiling
effects of each study, time to completion, Spearman/Pearson correlations, and Cronbach, person, and item reliability
data.
Statistical analysis
Statistical analysis was conducted using Statistical Analysis System version 9.4 (SAS Institute Inc., Cary, NC,
USA). Mixed linear models were used to assess the differences between the PROMIS and legacy test results for the
outcomes of test completion time, average number of questions, Cronbach reliability, person reliability, and floor and
ceiling effects. This method takes into account the possibility of a study having results from multiple PROMIS and
legacy tests. In the models, test type (PROMIS vs. legacy)
was considered as the fixed effect and study was considered
as the random effect. The mean and standard error for each
outcome by test type were computed using these models.
We report weighted averages for correlation coefficients
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generated between PROMIS PF measures and legacy
PROMs using the study sample size as the weight. All correlation coefficients were converted to an absolute value,
thus allowing us to only compare the magnitude (and not
direction) of the correlation strength. Individual studies
included in this review reported either Spearman or Pearson
correlations to draw comparisons between PROMIS PF and
legacy PROMs completed by spine patients. We generated
separate weighted mean values depending on whether the
correlation coefficient was generated using Spearman or
Pearson procedures. A p value of <.05 was deemed statistically significant.
The combined sample size of all articles yielded 10,296
patients. In total, 4 different PROMIS PF forms (PF CAT,
short form 10a, upper extremity CAT, mobility CAT) were
compared with 34 unique legacy PROMs relevant to spine.
Results
In total, we found 37 studies that evaluated a total of
10,296 patients with spine diagnoses. Details regarding the
studies encompassed in this review are shown in Table 1.
PROMIS PF scores were correlated with legacy scores in
36 of the 37 studies. From these 37 studies, 26 Pearson and
10 Spearman correlations were reported. Fig. 2 illustrates
the correlations of PROMIS PF forms utilized in spine studies with legacy PROMs.
The Pearson and Spearman correlations between spine
legacy scores and PROMIS PF scores are depicted in
Tables 2 and 3, respectively. Overall, the weighted Pearson
correlation was found to be 0.589 (standard error [SE]
=0.023) and the weighted Spearman correlation was 0.702
(SE=0.028). Weighted Pearson and Spearman correlations
between PROMIS PF forms and highly represented spine
PF legacy PROMs are shown in Fig. 3. Results comparing
PROMIS forms to legacy PROMs completed by spine
patients are shown in Table 4.
This study also sought to compare the average time to
completion and the average number of questions between
spine PROMIS PF measures and legacy PROMs. Nine of
the 37 papers analyzed time to completion among 4,955
spine patients who completed a PROMIS PF form [13−21].
Eight of the 37 papers analyzed time to completion among
2,180 spine patients who completed a legacy PROM.[14
−16,18−22] Fig. 4, Left represents the comparison of time
to completion between PROMIS PF and legacy PROMs
completed by spine patients. A mixed linear model was
used since we did not have paired data for completion time.
Not all studies reported an average completion time for
both PROMIS and legacy PROMs. Time to completion was
found to be significantly less for PROMIS PF forms than
legacy PROMs (48.1§2.9 vs. 174.7§12.6 seconds,
p<.001).
Ten of the 37 studies analyzed the average number of
questions completed among 5,754 spine patients who completed a PROMIS PF form.[13,16−18,20,21,23−26]

Twelve of the 37 studies analyzed the average number of
questions completed among 3,029 spine patients who completed a legacy PROM.[17−21,23−29] Fig. 4, Right represents the comparison of average number of questions
between PROMIS PF and legacy PROMs completed by
spine patients. There were significantly fewer questions in
the PROMIS PF forms than the legacy PROMs (4.2§
0.30 vs. 9.53§0.82, p=.015). Completion time and number
of questions between PROMIS PF forms and highly represented spine PF legacy PROMs are shown in Fig.5, Left
and Right, respectively.
Mixed linear models were used in analyzing differences
in Cronbach and person reliability. This was done because
not all spine studies reported paired data for the reliability
outcomes. No significant difference was found in the Cronbach [22,30], person [16,21], or item [21] reliabilities
between PROMIS PF forms and legacy PROMs. These
findings are illustrated in Fig. 6.
The floor and ceiling effects of legacy PROMs were
compared with PROMIS PF forms. Thirteen studies,
involving 3,625 spine patients reported floor and ceiling
effects for PROMIS PF forms.[14−16,19,21,23,24,31−36]
Twelve studies reported floor and ceiling effects for legacy
PROMs
completed
by
3,587
spine
patients.
[15,16,19,21,23,24,31−36] Fig. 7, Left and Right demonstrates the results comparing floor and ceiling effects
between PROMIS PF forms and legacy PROMs. Overall,
PROMIS PF forms had less floor and ceiling effects
(1.51%, SE=0.52% and 2.45%, SE=1.55%, respectively)
than legacy PROMs (4.94%, SE=1.73% and 4.38%,
SE=1.21%, respectively). The difference in floor and ceiling effects was not significantly different between PROMIS
forms and legacy PROMs (p=.301 and p=.065, respectively).
Discussion
This is the first systematic review to compare PROMIS
PF with legacy PROMs with regard to correlations, ease of
use, and quality criteria in the field of spine surgery. A similar systematic review exists in the orthopedic literature [37].
A systematic review was conducted in spine surgery that
only reported correlations between each PROMIS domain
and individual legacy PROMs [38]. We demonstrate that
PROMIS PF scores correlate strongly with legacy PROMs.
Moreover, we found PROMIS PF to be quicker to administer and applicable to a broad patient population while
remaining highly reliable. We base this conclusion on the
results of our analysis comparing various quality and questionnaire criterion, which are used when interpreting any
PROM.
These results demonstrate PROMIS PF can be used as a
practical, standardized PROM applied to a variety of
patients. Validated legacy PROMs have proven useful in
measuring clinical response from the patient’s perspective.
Therefore, legacy PROMs have commonly been used in
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Table 1
Inclusion and exclusion criteria of studies encompassed in this review
Date of publication Level of evidence Sample size (n) Mean age (yr)

Sex (% M) Inclusion criteria

Exclusion criteria

Bernstein et al. [35]

May 2019

II

51

59

51.2

Not explicitly stated

Bernstein et al. [34]
Bernstein et al. [33]

June 2020
January 2019

II
III

187
227

48
39

58.9
20.2

Boody et al. [14]

March 2018

III

57

55.7

61.0

Brodke et al. [21]

June 2017

II

1,607

54.2

47.6

Cha et al. [48]

May 2021

IV

92

51.7

65.0

Fedorak et al. [31]

October 2019

II

113

14.4

78.8

Haws et al. [27]

July 2018

III

74

53.9

59.5

Hung et al. [49]
Ibaseta et al. [26]

January 2019
February 2020

III
III

565
237

58.3
59

50.2
28.0

Iyer et al. [16]

November 2019

III

139

57.2

82.7

Jenkins et al. [50]

December 2020

III

146

51

59.6

Jenkins et al. [51]

November 2020

IV

68

52.9

58.8

Johnson et al. [52]

July 2019

III

226

55.1

58.4

Kelly et al. [53]

February 2019

III

425

58

21.9

Khalifeh et al. [13]
Khechen et al. [54]
Khechen et al. [29]

April 2019
March 2019
December 2019

III
IV
III

2,770
41
57

57.3
50.3
50.1

50.4
68.3
54.4

Moses et al. [32]

February 2019

III

127

Not explicitly stated 48.8

Owen et al. [18]

July 2019

III

57

51

59.8

Owen et al. [17]

April 2018

III

55

60

56.7

Not explicitly stated
Patients without spinal deformity
Patients presenting for revision surgery or with osseous tumors, trauma,
or infection

Not explicitly stated
Surgery for infectious, traumatic, or
malignant etiologies
Not explicitly stated

Did not have a minimum of 6 months'
clinical follow-up
Not explicitly stated
<18 yr old; surgery for pseudarthrosis,
trauma, fracture, infection, or tumor;
non-English speaking
Non-English speaking; surgery for cervical instability due to trauma
>18 yr old; patients undergoing primary, sin- <18 yr old; multi-level TLIF procegle-level MIS TLIF for degenerative
dures; surgery for traumatic, metapathology
static, or infectious pathologies
Patients who underwent primary, one- or
Surgery indicated for malignant, infectwo-level MIS TLIFs for degenerative spitious, or traumatic etiology
nal pathology
>18 yr old; chief complaint of back or neck
<18 yr old
pain
Patients treated surgically for adult spinal
Not explicitly stated
deformity
Spine surgery patients
Not explicitly stated
Patients undergoing 1-3 level MIS LD
Surgery for degenerative disc disease
Patients undergoing ACDF for degenerative, Not explicitly stated
nontraumatic cervical pathology
>18 yr old; English speaking; primary com- <18 yr old
plaint of neck pain
>18 yr old; patients undergoing surgery for
<18 yr old; undergoing revision
cervical disc herniation with associated
surgery
radiculopathy
>18 yr old; patients undergoing surgery for
<18 yr old; undergoing revision
cervical spondylotic myelopathy
surgery

ARTICLE IN PRESS

Patients with primary or metastatic spine
tumors
Patients with spine trauma
Adult and pediatric patients with spinal
deformity
>18 and <95 yr old; patients undergoing cervical spine surgery for cervical radiculopathy or myelopathy secondary to primary
degenerative disease of the cervical spine;
English speaking
Patients with a chief complaint of back or leg
pain
Patients who underwent a primary elective,
single-level, or multilevel MIS LD
Pediatric patients with primary Adolescent
Idiopathic Scoliosis
Patients who underwent a primary 1- or 2level MIS TLIF for degenerative pathology
>18 yr old; spine clinic patients
>18 yr old; patients undergoing long posterior spinal fusion for ASD; English
speaking
Adult patients; cervical spine surgery
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Table 1 (Continued)
Date of publication Level of evidence Sample size (n) Mean age (yr)

Sex (% M) Inclusion criteria

Papuga et al. [20]

July 2016

IV

318

55

56.9

>18 yr old; clinic patients with pain/disability related to spine

Exclusion criteria

Passias et al. [55]

June 2020

III

206

53.7

50.5

Patel et al. [15]

November 2018

II

98

61.9

35.7

Pereira et al. [19]

July 2017

III

100

63

50.0

Purvis et al. [56]

December 2017

II

148

53

47.9

Purvis et al. [57]

November 2018

II

231

59

52.0

Raad et al. [25]

January 2019

III

96

58

27.6

Rijk et al. [58]

September 2020

III

113

56

39.0

Shahgholi et al. [30]

March 2015

III

70

63

49.2

Shahgholi et al. [22]

December 2012

III

50

73

48.0

Sharma et al. [59]

July 2018

III

94

50.2

52.1

Stekas et al. [60]

June 2020

III

150

52.3

44.0

Tishelman et al. [23] February 2019

III

624

Not explicitly stated 55.1

Vaishnav et al. [28]

March 2020

III

149

52.1

63.6

Vaishnav et al. [36]

September 2020

III

421

56.2

57.2

Yee et al. [24]

August 2019

III

107

60.8

51.9

>18 yr old; patients with thoracolumbar
spine diagnoses
Prior lumbar surgery; non-English
>18 yr and <95 yr old; Patients undergoing
surgery for symptomatic LSS; failed nonspeaking; history of scoliosis, cancer, trauma, or infection
operative care
>18 yr old; metastatic disease in the cervical, <18 yr old; non-English speaking
thoracic, or lumbar spine
>18 yr old; patients undergoing anterior cer- <18 yr old; non-English speaking;
vical spine surgery
procedure using a microsurgical
technique; surgery for pseudarthrosis, trauma, infection, or tumor
>18 yr old; Patients undergoing decompres- <18 yr old; patients undergoing sursive surgery with or without arthrodesis for
gery for infection, pseudarthrosis,
degenerative lumbar spine disease
trauma, or tumor and those undergoing a primary procedure using a
microsurgical technique; nonEnglish speaking
>18 yr old; Patients undergoing surgery for
<18 yr old
adult spinal deformity
Patients presenting with low back pain;
Non-English speaking
English speaking
Patients with lumbar radicular pain unrePatients with myelopathy or progressponsive to conservative treatment;
sive neurologic deficits; using antiEnglish speaking
coagulant medication; had injection;
were pregnant; unable to consent
Patients with vertebral fracture due to osteo- Not considered for spine augmentaporosis or multiple myeloma; English
tion; taking part in another trial
speaking
>18 yr old; Patients with spinal degenera<18 yr old; patients with deformity,
tion, instability, or nonunion
tumor, spinal infection, fracture, or
traumatic dislocation
>18 yr old; Patients with a chief complaint
<18 yr old
of back pain
>18 yr old; primary complaint of neck or
<18 yr old
back pain
Patients undergoing cervical surgery for
Patients with a diagnosis of scoliosis,
degenerative conditions of the spine
cancer, trauma, fracture, or infection
Patients who underwent minimally invasive
Patients with a history of scoliosis,
lumbar surgery for degenerative conditions
cancer, trauma, or infection, and
those undergoing concurrent fusion
>18 yr old; Patients undergoing lumber spine <18 yr old
surgery

<18 yr old; nonspine related pathology; non-English speaking; unable
to obtain consent
<18 yr old

ARTICLE IN PRESS

ACDF, anterior cervical discectomy and fusion; ASD, adult spinal deformity; LD, lumbar decompression; LSS, lumbar spinal stenosis; MIS, minimally invasive surgical; TLIF, transforaminal lumbar interbody fusion; Yr, year.
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Fig. 2. Results showing the weighted average strength of the correlation between Patient Reported Outcomes Measurement Information System and legacy
for both Pearson and Spearman correlation procedures. The means were weighted by the sample size used in the respective study. Each bar represents the
mean §2 standard errors. N, number of studies.

spine research and clinical decision making. However,
these legacy PROMs are time consuming and cumbersome,
making them difficult to administer in a busy clinic setting.
Additionally, no consensus has been reached on which legacy PROMs are best to employ among particular diagnoses,
leading to variability in high-impact research [3,39]. However, additional research is needed to solidify PROMIS PF
as an effective means of standardizing PROM measurements across literature. Additionally, despite administrative
burden and variability seen among spine legacy PROMs,
they do provide useful anatomic, as well as condition-specific outcome measurements of PF [1,2]. In some spine
cases, questions may arise that require a more focused intervention that PROMIS is unable to provide. Therefore, legacy PROMs aid in evaluating a spine patient from a specific
clinical standpoint, as opposed to a standardized, albeit validated measurement of PF produced using PROMIS PF
forms.
There are a variety of legacy PROMs used to evaluate
different spine conditions. However, heterogeneity exists
among the different PROMIS PF forms utilized in the
included studies. In total, 4 different PROMIS PF forms
(PF CAT, short form 10a, PF-Upper Extremity CAT,
mobility CAT) were compared with 34 unique legacy
PROMs relevant to spine. PROMIS PF forms were compared with either the entire legacy PROM or the individual
PF domains within specific legacy PROMs. Despite the heterogeneity among PROMIS PF forms, scores from different
PROMIS PF measures are easily comparable and interpretable due to a common item bank utilized by each form [40].
The different versions of PROMIS PF forms are heavily
explained and validated in the literature [40−43]. Heterogeneity can introduce inconsistencies among different
PROMs, but overall PROMIS PF forms performed

consistently in measuring and reporting a patient’s physical
function.
Reducing administrative burden is a major parameter for
successful implementation of any PROM. Decreasing the
number of questions within a PROM helps to minimize
user fatigue and simplify their scoring profile. Since many
of these PROMs are distributed during clinic visits, reducing the time to completion of these questionnaires benefits
both the patient and the clinician. Among studies that evaluated spine patients, we found that PROMIS PF forms have
significantly fewer questions than legacy PROMs. Regarding time to completion, the PROMIS PF forms were completed in significantly less time than legacy. Our findings
demonstrate PROMIS PF forms can reduce the administrative burden traditionally seen with legacy PROMs.
The reliability of the PROM questionnaire itself is
another important parameter when evaluating and comparing PROMs. A high reliability becomes important when
administering PROMs because it indicates that the reproducibility of a subsequent test will not be altered by a
patient’s background characteristics [44]. No significant
difference was found between PROMIS PF and legacy
PROMs when comparing Cronbach and person reliabilities
in spine studies. This demonstrates that PROMIS PF is as
reliable as the validated legacy PROMs that have been used
traditionally in spine practice.
The final parameter we wanted to compare between
PROMIS PF and legacy PROMs was the presence of floor
and ceiling effects. Floor and ceiling effects are defined as
the proportion of respondents scoring the highest (ceiling)
or lowest (floor) possible score, therefore measuring the
sensitivity and coverage of a questionnaire at each end of
the scale [12]. Among spine patients, PROMIS PF forms
had less floor effects and ceiling effects than legacy
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Table 2
Pearson correlations between PROMIS and spine legacy scores
Study

PROMIS

Legacy

Sample Size

Pearson

p Value

Bernstein et al. [35]

PROMIS PF
PROMIS PF
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT

ODI
NDI
NDI-5
SF-12 PCS
VAS Back
VAS Leg
ODI
SF-12 PCS
ODI
VAS back
VAS leg
SF-12
NDI
ODI
SRS-22r PF
VAS Back
VAS Leg
VAS Back
VAS Leg
ODI
SF-12 PCS
NDI
EQ-5D
VAS neck
VAS arm
ODI
VAS back pain
VAS leg pain
NDI
SF-12 PCS
VAS neck
Vas arm
NDI
VAS neck
VAS arm
VAS back
VAS leg
NDI
NDI
mJOA
NDI
ODI
ODI
ZCQ PF
SF-12 PCS
SF-12v2 PCS
SF-12v2 MCS
NDI
GAD-7
PHQ-8
BPI Back Pain
BPI PI
SF-12v2 PCS
SF-12v2 MCS
ODI
GAD-7
PHQ-8
PCS-4
PHQ-2
PSEQ-2
ODI
NDI

51
51
57
57
92
92
92
92
74
74
74
74
565
565
237
146
146
68
68
68
68
226
226
226
226
41
41
41
57
57
57
57
127
127
127
127
127
57
55
55
72
246
206
98
98
148
148
148
148
148
231
231
231
231
231
231
231
113
113
113
113
94

-0.74
-0.74
-0.47
0.57
-0.663
-0.759
-0.81
0.834
-0.738
-0.446
-0.397
0.786
-0.67
-0.74
0.66
-0.641
-0.514
-0.651
-0.593
-0.763
0.875
-0.763
0.616
-0.37
-0.374
0.84
0.72
0.63
-0.605
0.761
-0.584
-0.201
-0.771
-0.337
-0.333
-0.428
-0.302
-0.77
-0.76
0.72
0.8484
0.8264
-0.763
-0.061
0.5
-0.14
0.39
-0.55
-0.29
-0.44
-0.31
-0.51
0.68
0.24
-0.74
-0.34
-0.39
-0.24
-0.42
0.28
-0.69
-0.703

<.0001
<.0001
.05
<.05
<.001
<.001
<.001
<.001
<.001
.004
.002
<.001
.01
.01
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.01
<.01
<.01
<.001
<.001
<.001
.19
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
.05
.05
<.001
<.01
<.01
.138
<.001

Boody et al. [14]
Cha et al. [48]

Haws et al. [27]

Hung et al. [49]
Ibaseta et al. [26]
Jenkins et al. [50]
Jenkins et al. [51]

Johnson et al. [52]

Khechen, Haws et al. [54]

Khechen, Patel et al. [29]

Moses et al. [32]

Owen et al. [18]
Owen et al. [17]
Papuga et al. [20]
Passias et al. [55]
Patel et al. [15]
Purvis et al. [56]

Purvis et al. [57]

Rijk et al. [58]

Sharma et al. [59]

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on December 28, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

.002

.01
<.001
.003
<.001
<.0001

ARTICLE IN PRESS
A. Ziedas et al. / The Spine Journal 00 (2021) 1−14

9

Table 2 (Continued)
Study
Stekas et al. [60]

Tishelman et al. [23]
Vaishnav et al. [28]
Vaishnav et al. [36]
Yee et al. [24]

PROMIS

Legacy

Sample Size

Pearson

p Value

PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT

ODI
ODI
VAS Back
CCI
ODI
NDI
NDI
SF-12 PHS
ODI
SF-12 PHS
ODI

94
150
150
150
494
130
76
73
421
421
107

-0.773
-0.651
0.26
-0.336
-0.749
-0.771
-0.689
0.729
-0.744
0.644
-0.79

<.0001
<.001
<.001
<.001
<.001
<.001
<.0001
<.0001
<.0001
<.0001
<.0001

BPI, brief pain inventory; CAT, computer adaptive test; CCI, Charleston Comorbidity Index; EQ-5D, EuroQol 5-dimension; GAD-7, generalized anxiety
disorder 7-item; MCS, mental component summary; mJOA, modified Japanese Orthopaedic Association; NDI, Neck Disability Index; NDI-5, Neck Disability Index-5 Item; ODI, Oswestry Disability Index; PCS, physical component summary; PCS-4, pain catastrophizing scale-4; PF, physical function; PHQ-2,
Patient Health Questionnaire-2 Item; PHQ-8, Patient Health Questionnaire-8 Item; PHS, Physical Health Summary; PI, pain interference; PSEQ-2, Pain
Self-Efficacy Questionnaire-2; SF-12, short form-12 item; SF-12v2, short form-12 item version 2; SRS, Scoliosis Research Society; PROMIS, PatientReported Outcomes Measurement Information System; VAS, visual analogue score; ZCQ, Zurich Claudication Questionnaire.

Table 3
Spearman correlations between PROMIS and spine legacy scores
Study

PROMIS

Legacy

Sample size

Spearman

p value

Brodke et al. [21]

PROMIS PF CAT
PROMIS PF CAT
PROMIS PF
PROMIS PF
PROMIS PF/MOBILITY CAT
PROMIS PF/MOBILITY CAT
PROMIS PF/MOBILITY CAT
PROMIS PF/MOBILITY CAT
PROMIS PF/MOBILITY CAT
PROMIS Mobility
PROMIS PF CAT
PROMIS PF CAT
PROMIS UE CAT
PROMIS UE CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF CAT
PROMIS PF 10a
PROMIS PF 10a
PROMIS PF 10a
PROMIS PF 10a
PROMIS PF 10a

ODI
SF-36 PCS
ODI
NDI
SRS function/activity
SRS pain
SRS self-image/appearance
SRS mental health
SRS satisfaction
SRS-22 function
SF-36 PCS
NDI
SF-36 PCS
NDI
SRS-22r
EQ-5D
SOSG-OQ - total score
SOSG-OQ - physical function
SOSG-OQ - neurological function
SOSG-OQ - pain
SOSG-OQ - mental health
SOSG-OQ - social function
SRS-22r function
SRS-22r self-image
SRS-22r pain
SES-22r mental health
ODI
EQ-5D
NRS
RMDI
NRS
RMDI

1,607
1,607
84
103
227
227
227
227
227
113
139
139
139
139
425
100
100
100
100
100
100
100
96
96
96
96
96
70
70
70
50
50

-0.81
0.807
-0.61
-0.28
0.83
0.74
0.55
0.45
0.47
0.65
0.8
-0.58
0.68
-0.61
0.81
0.713
-0.72
-0.835
-0.504
-0.428
-0.441
-0.423
0.51
0.53
0.53
0.34
0.76
0.59
-0.52
-0.73
-0.3
-0.67

<.05
<.05
<.001
.005
<.0001
<.0001
<.0001
<.0001
<.0001
.001
<.001

Bernstein et al. [34]
Bernstein et al. [33]

Fedorak et al. [31]
Iyer et al. [16]

Kelly et al. [53]
Pereira et al. [19]

Raad et al. [25]

Shahgholi et al. [30]

Shahgholi et al. [22]

<.001
<.05
<.05
<.05
<.05
<.05
<.05
<.05
<.01
<.01
<.01
<.01
<.01
<.005
<.05
<.0001
<.01
<.01

CAT, computer adaptive test; EQ-5D, EuroQol 5-dimension; NDI, Neck Disability Index; NRS, numerical rating scale; ODI, Oswestry Disability Index;
PCS, physical component summary; PF, physical function; PROMIS, Patient-Reported Outcomes Measurement Information System; RMDI, Roland Morris
Disability Index; SF-36, short form-36 item; SOSG-OQ, Spine Oncology Study Group-Outcomes Questionnaire; SRS, Scoliosis Research Society.
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Fig. 3. Weighted correlations between PROMIS PF forms and highly represented physical function legacy PROMs. Each bar represents the mean §2 standard errors. N, number of studies. NDI, Neck Disability Index; ODI, Oswestry Disability Index; PCS, physical component summary; PF, physical function;
PROMIS, Patient-Reported Outcomes Measurement Information System; SF-12, short form-12 item; VAS, Visual Analogue Score.

PROMs. The difference in floor and ceiling effects was not
significantly different between PROMIS forms and legacy
PROMs. Significant floor and ceiling effects have historically been set at 15% [9], while other studies have stated
that <10% or even 5% is an acceptable benchmark [45,46].
Having higher floor and ceiling effects indicate that the test
is unable to adequately capture spine patients who perform
very poorly or very well, respectively. Our findings show
that PROMIS PF is able to adequately capture spine
patients at both ends of the scoring spectrum. This is likely
due to the ability to administer PROMIS PF forms as computer adaptive tests, which allows for more efficient administration of PROMs while reducing response bias.
These positive findings indicate that PROMIS PF forms
should be used in practice by clinicians and researchers
looking to assess the physical function of spine patients.

Developing a standardized method of administering
PROMs will aid in creating a valid and consistent interpretation of spine physical function across spine literature and
within the spine clinic setting. Furthermore, PROMIS PF
can be administered as both short-forms and computer
adaptive tests, which makes it an ideal platform for utilizing
technology to report outcomes among spine patients.
PROMIS PF can also help to reduce the burdens of administering and collecting legacy PROMs in the busy clinic setting.
Limitations
Certain limitations are present within this systematic
review. The search was limited to spine studies indexed in
PubMed/MEDLINE and Embase. Albeit a limitation, the

Table 4
Results comparing PROMIS forms to legacy PROMs completed by spine patients.
Outcome

PROMIS

Completion time (s)
Average # of questions
Average Cronbach Reliability
Average person reliability
Average item reliability
Average floor effects (%)
Average ceiling effects (%)

Legacy

p value

Studies

Total participants

Mean

S.E.

Studies

Total participants

Mean

S.E.

9
10
2
2
1
13
13

4,955
5,754
120
1,746
1,607
3,625
3,625

48.1
4.21
0.89
0.87
0.99
1.51
2.45

2.9
0.30
0.05
0.03
0.52
1.55

8
12
2
2
1
12
12

2,180
3,029
120
1,746
1,607
3,587
3,587

174.7
9.53
0.78
0.91
1.0
4.94
4.38

12.6
0.82
0.06
0.01
1.72
1.21
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Fig. 4. Results comparing patient (Left) time to completion and (Right) number of questions between Patient-Reported Outcomes Measurement Information
System and legacy outcomes for spine using a mixed linear model. Each bar represents the mean §2 standard errors. N, number of studies. (**) represents p
<.001. (*) represents p<.05.

use of PubMed has been shown to be sufficient for publishing systematic reviews/meta-analyses within high-impact
literature [47]. Therefore, this search method provides a
comprehensive literature search, while remaining both efficient and reproducible. Only English papers were included
in this review. Data extraction was not blinded as reviewers
were able to view the authors, title, and journal of all
articles reviewed in the course of this systematic review.
Another limitation is the heterogeneity of the different
PROMIS PF forms utilized in the included studies. In total,
4 different PROMIS PF forms (PF CAT, short form 10a,

PF-Upper Extremity CAT, mobility CAT) were compared
with 34 unique legacy PROMs relevant to spine. Heterogeneity can introduce inconsistencies among different
PROMs, but overall PROMIS PF forms performed consistently in measuring and reporting a patient’s physical function. Similarly, our review compares PROMIS physical
function with legacy PROMs in their entirety. The legacy
PROMs referenced may not only measure physical function, but other aspects of patient health and quality of life as
well, just as PROMIS also addresses pain interference and
depression as separate forms. The articles cited and

Fig. 5. Results comparing patient (Left) time to completion and (Right) number of questions between Patient-Reported Outcomes Measurement Information
System and Highly Represented Physical Function Legacy PROMs. Each bar represents the mean §2 standard errors. N, number of studies. CAT, computer
adaptive test; NDI, Neck Disability Index; ODI, Oswestry Disability Index; PCS, Physical Component Summary; PF, physical function; PROMIS, PatientReported Outcomes Measurement Information System; SF-12, short form-12 item; SRS, Scoliosis Research Society.
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Fig. 6. Average Cronbach reliability and person reliability between Patient-Reported Outcomes Measurement Information System (PROMIS) and legacy
tests. Mixed linear models were used to assess differences between PROMIS and legacy values. Each bar represents the mean §2 standard errors. N, number
of studies.

Fig. 7. Results of (Left) floor and (Right) ceiling effects between Patient-Reported Outcomes Measurement Information System and legacy tests. Each bar
represents the mean +2 standard errors. N, number of studies.

analyzed in this study do not isolate the physical function
domain of a PROM when measuring the correlations
between them and PROMIS PF, which may limit the comparisons made in this study. Therefore, further research
would need to extract the physical function components of
individual PROMs in order to make a more accurate comparison with the PROMIS PF health domain.

Conclusions
This is the first systematic review to compare PROMIS
PF with legacy PROMs with regard to correlations, ease of
use, and quality criteria in the field of spine surgery.
PROMIS PF scores correlate strongly with commonly used
legacy PROMs, particularly in spine patients. PROMIS PF
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forms can be administered efficiently and to a broad patient
population while remaining highly reliable.
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